A BIOLOGICALLY active molecule which contains one or more aromatic rings often retains this activity when one of these rings is replaced by an isosteric and/or isoelectric ring (i.e. a ring with a similar electronic and steric structure). For example, antidepressant activity is retained in the pyrazolo analogue (I) of the parent benzodiazepine (II) (deWald & Butler, 1970) ; similarly, replacement of the pyrrole ring of serotonin (III) with a thiophene ring gives the benzo[b]thiophene analogue (IV) which shares some of the biological properties of the parent molecule (Campaigne & Bosin, 1977) . It would therefore be expected that the judicious replacement of part of the structure of an established animal carcinogen with an electronically or sterically similar substructure would, on occasions, yield a structurally novel carcinogen. Such a carcinogen, would be chemically, and probably biologically, related to the parent carcinogen yet the association may not be apparent upon visual inspection of its chemical structure. Two illustrations of this principle are afforded by the carcinogenic activity (Robinson & Tilak, 1947) of the thiophene analogue (V) of the polycyclic aromatic hydrocarbon carcinogen 7,1 2-dimethylbenz[a]anthracene (IV) and by the carcinogenicity of several amino derivatives of dibenzothiophene, such as 3-amino-dibenzothiophene (VII), which could be regarded as isosteric analogues of the carcinogen 2-aminoanthracene (VIII) (reviewed Ashby & Cook, 1974) . In these examples, a benzene ring of both (VI) and (VIII) has been replaced by a thiophene ring, the change being accompanied by a retention of carcinogenic activity. (Cohen et al., 1975; Wang et al., 1975) of which IX and X are representative, could have been anticipated by virtue of their ringexchange relationship to the carcinogens benzidine (XI) and 4-aminobiphenyl (XII).
[For such purpose the equivalence of an aromatic amino or acetylamino group with an aromatic hydroxylamino or nitro group is assumed; for example, 4-nitro-4'-aminobiphenyl induces bladder cancer in rats, (Laham & Sinclair, 1969) as does the parent carcinogen 4,4'-diaminobiphenyl (benzidene XI).]
The present paper describes the synthesis and some of the in vitro biological properties of the thiophene analogues XII and XV of the carcinogen benzidine (XI), and the corresponding analogues XIV and XVI of the carcinogen 4-aminobiphenyl (XII). These compounds were selected for study because there was circumstantial evidence of possible carcinogenicity, namely, that the thiophene analogue XVII of the carcinogenic nitrofuran derivative XVIII is also carcinogenic. Further, the des-nitro analogue of XVII, namely, the thiophene XIX, is non-carcinogenic (Cohen & Bryan, 1973) which establishes the carcinogenic importance of the nitro group and defines the thiophene ring as being merely an effective replacement for a furan ring (i.e. the thiophene ring has no carcinogenic significance per se).
In this introduction, the possible equivalence within the structure of a carcinogen of a thiophene ring and either a benzene ring or a furan ring, or (TLC) . Spectroscopic details can be provided upon request.
5-Phenyl-2-thiophenamino hydrochloride (XVI) was prepared by treating fl-benzoylpropionitrile (Knott, 1947 ) with a mixture of hydrogen sulphide and hydrogen choride gases as described by Baird et al. (1976 5-p-acetamidophenyl-2-thiophenamine hydrochloride (XIII).-The preparation of this compound required the synthesis of several new intermediates. The synthetic sequence is described below.
4-Acetylacetamilide was prepared by the method of Yasue et al. (1961) w-(4-Acetamidobenzoyl)propionitrile.-4-Acetamido-w-(N,N-dimethyl-amino)propiophenone (11.53 g) was added to a solution of potassium cyanide (10.38 g, 2 equivs) in water (100 bl) and the mixture heated as rapidly as possible to the boil. After boiling for 5 min the reaction mixture was cooled quickly in ice and the product collected and washed with water. M.p. 180-181°C (79.5%).
Recrystallization from methanol (charcoal) gave the product as shining rods ot m.p. 185-186°C (no literature on m.p. available).
Reaction of the above propionitrile with a mixture of hydrogen sulphide and hydrogen chloride gases in ethanol, as described above for the synthesis of XIV gave the required product, 5-p-Acetamidophenyl-2-thiophenamine hydrochloride (XIII) (31%) (Ashby & Purchase, 1977) . Positive-control chemicals gave an increase of 10-20-fold in each experiment. The 4 thiophene derivatives XIII-XVI, together with benzidine (XI), were tested in both the presence and absence of Aroclor 1254-induced rat liver S-9 mix (Ames et al., 1975) . Dimethylsulphoxide (DMSO, BDH Chemicals Ltd, Poole, Dorset) was used as both solvent and negative control.
The cell-transformation assay.-The methodology used was exactly as described in previous papers (Styles, 1977; 1978a, b) . The cells used were BHK 21/C13 which had a spontaneous transformation frequency of 50 per 106 cells. All experiments were repeated, the data shown representing the average of 2 experiments.
RESULTS

Ames assay
The 4 thiophene derivatives, XIII-XVI, were tested as a group in the 4 Salmonella strains on 3 separate occasions. Benzidine (XI) the chemical-class positive control was positive on each occasion. During the course of this testing programme, each of the thiophenes produced a positive response on at least one occasion, in either strain TA 1538 or TA 98. These responses were not reproducible, and sometimes were produced in the absence of S-9 mix. A typical positive response given by benzidine is shown in Fig. 1(a) , whilst Fig. 1(b) shows a positive response given by N-(5-p-acetamidophenylthiophen-2-yl) acetamide (XV).
Cell transformation assay
The 4 thiophene derivatives, XIII-XVI, together with benzidine (XI), were tested as a group in the presence of S-9 mix on 2 separate occasions. On each occasion, the acetyl derivatives XV and XVI, together with benzidine (XI), gave benzene ring in biologically active molecules has been reviewed (Campaigne & Bosin, 1977 group (reviewed by Guilard et al., 1975) . sitive response (Fig. 2(a), (b) and (c) The in vitro activity pattern observed ,ctively) whilst both of the amine for the 4 thiophenes may reflect the above ochlorides, XIII and XIV, gave a stability considerations. In the cell-transtive response (Fig. 2(d) and (e) respec-formation assay the 2 acetylated derivay). Both the acetyl derivatives tives, XV and XVI, each showed a 3ssed greater cytotoxicity than the toxicity curve similar to that of benzidine, sponding amine hydrochlorides.
and they each transformed the BHK cells ( Fig. 2(a) , (b) and (c) respectively).
DISCUSSION
From this it could be inferred that metae extent to which a thiophene ring bolic oxidative attack on the amino simulate either a pyrrole ring or a substituents of the thiophenes XV and given by all 4 thiophenes in the Ames assay was erratic and predominantly negative ( Fig. l(b) shows an example of a typical positive response). Whilst it is not generally defensible to consider unreproducible data, the total context in which these were generated makes them worthy of mention, and they are probably significant. The advantage of conducting a parallel cell-toxicity assay with an in vitro carcinogenicity assay is well illustrated by the above transformation assays. The transition from inactivity to activity as cell-transforming agents brought about by acetylation of the amino group of the thiophenes XIII and XIV may reflect a change in overall metabolism, resulting in a change in their respective toxicity curves. A similar critical change in test response following changes made to the S-9 mix has been observed with a series of potential carcinogens related to hexamethylphosphoramide (Ashby et al., 1978b) . Both examples show the importance of overall in vitro metabolism in determining the test response given by a compound. These 2 separate examples are probably related by the fact that both chemical and enzymic factors can influence the critical concentration of DNA-reactive species required to produce a positive test response.
In order to assess the in vivo significance of this particular series of in vitro predictions, 2-acetamido-5-phenylthiophene (XVI) is currently being assayed for carcinogenic properties in mice. 4-Aminobiphenyl (XII) is being used as the positive control and the compounds are being administered in the diet. Pending the result of that study there remains sufficient uncertainty about the effects that these thiophene derivatives may elicit in vivo to ensure that, at present, isosteres of established aromatic carcinogens which give a positive response in in vitro assays should be regarded as possible rather than probable carcinogens.
The study in vitro of isosteres of established carcinogens may enable general principles to be explored, as well as gaining compound-specific data. For example, it is clear that if a structural feature which is critical in the metabolic activation of a carcinogen is lost, carcinogenic activity w%ill also be lost. Therefore, the carcinogenicity of the thiophene isostere (V) showed that the K-region benzene ring, and the derived K-region epoxide, are non-critical molecular features in the metabolic carcinogenic activation of polycyclic aromatic hydrocarbons such as benz[a]pyrene (VI) (Robinson & Tilak, 1947 Brookes, 1977) . This illustrates the potential value of isosteric studies in cancer research. The thiophene derivative (V), or related ones, could also prove useful when studying the response of carcinogens such as benzo[a]-pyrene in in vitro carcinogenicity assays. It has been separately observed (Glatt et al., 1975; Oesch et al., 1976; that the in vitro response given by such carcinogens is dominated by the K-region epoxide. Therefore, the in vitro study of isosteres such as V should enable the metabolic activation of the cancer critical "bay-region" diolepoxide (Jerina and Daly, 1976) to be explored in isolation. Such studies may become important, because the mutagenic response given by both benz-[a]pyrene (Oesch, 1972) and 7,1 2-dimethyl-benz- [a] anthracene (Brookes, 1977; Bigger et al., 1978) in the Ames assay appear to arise from the non-cancer-critical Kregion epoxides. Such considerations must influence the acceptance of any suggested correlation between in vitro mutagenic potency and carcinogenic potency (Messelson & Russell, 1977) .
